Background. An elevated triglyceride level is associated with cardiovascular and all-cause mortality in the general population. The associations between serum triglyceride and all-cause mortality among patients with chronic kidney disease (CKD) are unclear. who had serum triglycerides measured prior to being classified as CKD were included. We examined the associations of serum triglyceride levels with all-cause mortality among 25 641 Stage 3 and Stage 4 CKD patients using Cox proportional hazard models and Kaplan-Meier survival curves.
Introduction
Chronic kidney disease (CKD) is common and a significant proportion of non-dialysis-dependent CKD patients die of cardiovascular disease even before they reach endstage renal disease [1] . Dyslipidemia is a well-established risk factor for cardiovascular disease in the general population and is widely prevalent among non-dialysis-dependent CKD patients. The pattern of lipid abnormalities differs between CKD and non-CKD populations [2, 3] . CKD patients have a higher prevalence of hypertriglyceridemia and small dense low-density lipoprotein (LDL) particles. Increased serum triglyceride levels indicate the presence of increased chylomicron remnants, which can penetrate vascular endothelium and lead to the development of atherosclerosis [3, 4] . Recently, a large Mendelian study showed that triglyceride-mediated pathways are causally related to cardiovascular disease [5] . The American Heart Association has also issued new guidelines for the management of high serum triglycerides in the general population, acknowledging the fact that serum triglyceride is an important risk factor for cardiovascular disease and death [6] [7] [8] [9] .
Previous studies that examined the associations between serum triglyceride and cardiovascular disease and mortality in CKD patients provided conflicting results. A serum triglyceride level of ≥182 mg/dL was significantly associated with an increased risk for cardiovascular disease among CKD participants in the Atherosclerosis Risk in Communities (ARIC) cohort study [10] . A secondary analysis of the Modified Diet in Renal Disease (MDRD) study showed no association between serum triglycerides and cardiovascular disease, the progression of CKD or death among non-diabetic CKD patients [11] . In addition, it is unclear whether the effects of serum triglycerides are consistent within the CKD population. In particular, with the CKD population generally being of advanced age and have higher comorbid illnesses, an important unanswered question is whether the association between serum triglyceride level and outcomes differs based on patient age and presence or absence of different comorbid conditions. Thus, studying the association between serum triglyceride and mortality might provide an opportunity to develop and test interventions to lower serum triglycerides in CKD patients similar to general population [12] .
Therefore, we examined the associations of serum triglyceride levels with all-cause mortality and whether these associations differ based on age and presence or absence of comorbid conditions in a large cohort of Stage 3 and Stage 4 CKD patients followed in our health care system.
Materials and methods

Study population
Patients who met the following criteria between 1 January 2005 and 4 April 2011 were included: (i) patients who had at least one face-to-face outpatient encounter with a Cleveland Clinic health care provider, (ii) had two estimated glomerular filtration rate (eGFR) values of <60 mL/ min/1.73 m 2 [the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation] > 90 days apart and (iii) patients who had outpatient serum triglyceride levels measured prior to being classified as CKD ( < 12 months) in our health care system. Patients aged <18 years old and those who were diagnosed with end-stage renal disease needing dialysis or renal transplant before their second eGFR < 60 mL/min/1.73 m 2 were excluded. The study participants were identified from a previously validated Electronic Health Record (EHR)-based CKD registry. The EHR validation process of the kidney disease-related conditions and comorbid conditions included in this registry was performed by two reviewers using various sections of the EHR. Definitions and criteria for these conditions were based on prior definitions and criteria used in the literature from a combination of billing codes, use of relevant medications, laboratory values and imaging studies. The development and validation of our EHR-based CKD registry at Cleveland Clinic have been described in detail elsewhere [13] .
Definitions and outcome measures
Demographic details of the study population were extracted from the EHR. Diabetes mellitus, hypertension, coronary artery disease and other comorbid conditions were defined using pre-specified criteria validated previously. These conditions existed prior to being classified as CKD. Serum triglyceride levels and other relevant outpatient laboratory details were obtained electronically from our laboratory records. We applied the CKD-EPI equation to patients who had two outpatient serum creatinine levels between 1 January 2005 and 4 April 2011 in our health system to calculate eGFR [14] . All creatinine measurements were performed by the modified kinetic Jaffe reaction, using a Hitachi 747-200 Chemistry Analyzer (1996) (1997) (1998) (1999) (2000) (2001) . Serum triglyceride was measured using an enzymatic colorimetric test run on the Roche Modular platform. Within-and between-run precision of human serum is stated at 1.5 and 1.8% , respectively. In our health care system, lipid profiles are customarily obtained in fasting state by standard protocol. However, there may have been instances where the lipid profile was obtained in the non-fasting state and we were unable to differentiate these fasting and non-fasting samples.
Outcome measure. The primary outcome of interest, all-cause mortality, was ascertained from our EHR and linkage of our registry with the Social Security Death Index (SSDI). This Death Master File from the SSDI contains over several million records of deaths that have been reported to Social Security Administration and is updated monthly. We assumed a 90-day lag in death documentation, and therefore censored patients without reported deaths 90 days before SSDI data extraction.
Data were extracted on April 2011 and censoring was assigned on January 2011. Patients were followed from their date of inclusion in the registry (date of second qualifying eGFR) until date of last Cleveland Clinic Health System encounter or SSDI data extraction on April 2011, whichever was last.
Statistical analysis
Baseline characteristics between (i) CKD patients with and without measured serum triglyceride levels and (ii) patients of age <65 years and ≥65 years were compared using chi-square and two-sample t-tests for categorical and continuous variables, respectively. Based on the American Heart Association's clinical criteria, CKD patients with measured outpatient serum triglyceride values in the year prior to being classified as CKD were further classified into three groups: <150 mg/dL (normal), 150-199 mg/dL (borderline-high) and ≥200 mg/dL (high and very high) [6] . Because there were only 239 patients in the very high category (≥500 mg/dL) and <200 of them had complete covariate data for the mortality model, we combined the high and very high serum triglycerides into one group (≥200 mg/dL). Associations of the baseline characteristics and these three groups were assessed using chi-square and analysis of variance tests for categorical and continuous variables, respectively.
The factors associated with serum triglycerides > 200 mg/dL (referent group <200 mg/dL) were examined using logistic regression analysis. Covariates were chosen a priori based on factors previously shown or thought to be related to both serum triglyceride levels and mortality. These included age, gender, race, body mass index (BMI), eGFR, diabetes, hypertension, coronary artery disease, heart failure, smoking and year of entry into our CKD registry. To evaluate whether survival among persons with CKD was associated with serum triglyceride levels, we used Kaplan-Meier plots and log-rank tests with entry into the CKD registry as the time of origin. Cox proportional hazards models were used to assess the association between the baseline serum triglyceride levels and all-cause mortality while adjusting for the covariates mentioned above and the presence of cerebrovascular disease, chronic obstructive pulmonary disease, malignancy, serum albumin, hemoglobin, LDL cholesterol, high-density lipoprotein (HDL) cholesterol and use of statins and fibrates at baseline. Due to non-linearity, serum albumin and hemoglobin were modeled using splines. We conducted a sensitivity analysis in which the association between time-averaged serum triglyceride levels (for patients who had multiple measurements up to 1 year after being classified as CKD) and all-cause mortality was examined.
We tested two-way interactions between serum triglyceride and the following covariates in the adjusted model: age, race, presence of diabetes and hypertension, eGFR, use of statins and fibrates and none of these interactions other than with age were significant. We fit the adjusted model using serum triglyceride categories and also using logtransformed continuous triglycerides values. Eight percent of the patients had missing covariate data; 5% and 4% of patients were missing hemoglobin and albumin data, respectively, and they were excluded from the multivariable model. To illustrate the interaction between serum triglyceride level and age, we estimated the log hazard of mortality for each patient in the adjusted model. We then plotted the log hazard of mortality against triglyceride values separately for each age group using cubic regression models.
All data analyses were conducted using Unix SAS version 9.2 (SAS Institute, Cary, NC), and graphs were created using R 2.12.2 (The R Foundation for Statistical Computing, Vienna, Austria). The CKD registry and this study were approved by the Cleveland Clinic Institutional Review Board.
Results
Baseline patient characteristics
Of 53 286 patients in our CKD registry, 25 828 (48% ) patients had serum triglyceride levels measured at least once using a standard assay in the year prior to being classified as having CKD and were included in this analysis. Patients who had serum triglycerides measured using different assays [n = 6110 (11% )], had serum triglyceride measured after being classified as having CKD or did not have serum triglyceride measured in our health care system were excluded (Figure 1 ). The mean age of the study population was 71.6 ± 11.3 years with 53% being females and 12% African-Americans. Patients who had serum triglyceride levels measured were significantly different from those who lacked serum triglyceride data except for African-American race and HDL cholesterol (Table 1) . Patients who were aged <65 years were significantly different from those aged ≥65 years in several demographic factors, presence of comorbid conditions and other laboratory parameters (Supplementary  Table S1 ).
Patients with serum triglyceride levels <150 mg/dL [n = 15 961 (62% )], 150-199 mg/dL [n = 4793 (18.5% )] and ≥200 mg/dL [n = 5074 (19.5% )] differed on demographics and comorbid conditions ( Table 1) . Patients with serum triglyceride <150 mg/dL had higher HDL and lower LDL levels than the patients with serum triglyceride 150-199 and ≥200 mg/dL. Use of statins and fibrates was 68 and 5.7% , respectively, among patients with serum triglyceride <150 mg/dL as compared to 72 and 21% among patients with serum triglyceride ≥200 mg/dL. Factors associated with higher serum triglyceride levels (≥200 mg/dL)
In the multivariable analysis, patients of African-American descent, increasing age and eGFR were associated with lower odds of having higher serum triglyceride levels. Higher BMI categories, presence of diabetes and hypertension and smoking history were associated with higher odds of having higher serum triglyceride levels ( Table 2) .
Serum triglyceride and mortality
Among 25 641 patients with mortality information available, 3866 died during an average follow-up of 3.1 years.
The Kaplan-Meier analysis showed no significant difference in all-cause mortality in the different serum triglyceride groups for patients aged ≥65 years ( Figure 2 ). In the Cox proportional hazards model that included all patients, after adjusting for demographics, comorbid conditions, renal function, lipid parameters and anti-hyperlipidemic use, a serum triglyceride level of 150-199 mg/dL was not associated with death while serum triglyceride ≥200 mg/ dL was associated with a 11% increased hazard for death (Table 3) . When examined as a log-transformed continuous variable, serum triglyceride was not associated with mortality for the overall group [hazard ratio (HR) 1.06 per each log increase in triglyceride, 95% confidence interval (95% CI) 0.98-1.14].
Interaction with age
We found a significant interaction of age with serum triglyceride indicating that the association between serum triglyceride and all-cause mortality differs based on age (P <0.001). The increased mortality hazard associated with serum triglyceride levels of ≥200 mg/dL was present for patients aged <65 years but not for aged ≥65 years (Table 3) . Similar results were found when serum triglycerides were examined as a continuous variable (log-transformed values) with patients aged <65 having a higher risk for death (HR 1.26, 95% CI 1.10-1.45) but not for patients aged ≥65 years (HR 0.96, 95% CI 0.89-1.04) (Figure 3 ).
Sensitivity analysis. In the time-averaged analysis, similar associations between serum triglyceride levels and all-cause mortality were noted for the overall group, aged <65 and ≥65 years, as the model that used baseline serum triglycerides only (Table 4) .
Discussion
Despite the higher use of anti-hyperlipidemic agents, hypertriglyceridemia (38% ) is common among non- dialysis-dependent CKD patients. Factors such as being of African-American descent and increasing age were negatively associated with high serum triglyceride levels (≥200 mg/dL) while the presence of diabetes, obesity and hypertension were positively associated with high serum triglyceride levels (≥200 mg/dL). Serum triglyceride levels ≥200 mg/dL were independently associated with increased risk for all-cause mortality among non-dialysisdependent CKD. This association was particularly prominent among CKD patients aged <65 years while patients aged ≥65 year do not incur the same risk for death with serum triglyceride levels ≥200 mg/dL. As discussed, previous observational studies have examined the relationship between serum triglycerides, cardiovascular disease and mortality. In a non-diabetic cohort, Chawla et al. [11] reported no associations between all the individual lipid parameters (total cholesterol, LDL cholesterol, HDL cholesterol and serum triglycerides) and the composite end point of all-cause mortality, cardiovascular mortality and progression to kidney failure. This lack of association might be related to the small sample size of the study cohort. Muntner et al.
[10] reported a 3-fold increased risk for coronary heart disease (RR 2.73, 95% CI 1.46-5.10) among patients with Stage 3 and Stage 4 CKD and serum triglyceride levels of ≥182 mg/dL in the ARIC study cohort. Recently, higher serum triglyceride levels have been associated with the development and progression of kidney disease, which might further contribute to the cardiovascular disease burden [15, 16] . Our study adds to the literature by including a divergent population and showing an association with all-cause mortality. In contrast to other studies, we report our results using clinically determined serum triglyceride categories and summarized results based on age.
The impact of different cardiovascular risk factors on cardiovascular disease might vary as age increases. Secondary analysis of the Honolulu Heart Program (3572 participants) showed that the effects of total cholesterol on coronary heart disease seemed to decline with advancing age. Higher BMI was associated with coronary heart disease in participants aged 45-54 years but not among who were 75-93 years in this cohort. The associations between smoking and coronary heart disease also weakened with age in the same cohort [17] . Similarly, we show that the effect of triglycerides on all-cause mortality also differs by age in CKD population. Even though a higher prevalence of some comorbid conditions among patients aged <65 years might explain these associations (Supplementary Table S1 ), this needs to be further studied. Whether the effects of other cardiovascular risk factors on cardiovascular disease and death differ between younger and elderly CKD patients is unclear and may be explored in future studies.
Observational studies have shown that higher LDL cholesterol levels are associated with cardiovascular disease and mortality among non-dialysis-dependent Fig. 3 . Associations between all-cause mortality log-hazard and baseline serum triglyceride levels among aged <65 and ≥65 years.
CKD [18] . Subsequently, subgroup analysis of the CKD population included in the large randomized controlled statin trials of the general population and their metaanalysis showed a reduction in cardiovascular disease burden with statin use [19, 20] . The recently published Study of Heart and Renal Protection (SHARP) trial reported a statistically significant reduction in atherosclerotic events ( primary end point of the study) with the use of statins plus ezetimibe but not for all-cause mortality [21] . In a subgroup analysis based on serum triglyceride levels, beneficial effects of statins on atherosclerotic events were noted only for patients with serum triglyceride levels ≥2 mmol/L (175 mg/dL) [21] . Despite adequate reduction in LDL cholesterol levels, the rate of cardiovascular events was 15.1% in the treatment arm in SHARP trial. This data, along with ours and other available observational study evidence, suggest that other lipid parameters such as serum triglycerides may be an important modifiable risk factor amenable to intervention in CKD.
Patients with CKD are at risk for malnutrition. Among dialysis patients, prior studies have shown an inverse association between total cholesterol levels and mortality but this association was attributed to the cholesterol-lowering effect of systemic inflammation and malnutrition [22] . Kovesdy et al. [23] reported higher mortality for non-dialysis-dependent CKD patients with lower serum triglycerides ( < 115 mg/dL) compared to higher serum triglyceride levels (>258 mg/dL). However, this was attenuated after adjustment for case-mix and malnutritioninflammation complex syndrome. We adjusted for widely used nutritional parameters such as serum albumin and BMI but lacked inflammatory markers such as high-sensitivity C-reactive protein.
This study has significant strengths that include utilizing a large number of Stage 3 and 4 CKD patients with lack of lost to follow-up compared to the prior studies. Our study population also has a significant proportion of AfricanAmerican patients, female gender patients and patients with diabetes. An additional strength is the prior validation of our CKD registry and the included comorbid conditions using standard definitions in the literature. However, there are important limitations. Apart from being an observational study that is subject to residual confounding, the primary limitation of this retrospective analysis is its inability to adjust for residual confounding. In addition, we included patients with eGFR <60 mL/min/1.73 m 2 while patients with an earlier stage of CKD (eGFR ≥60 mL/min/1.73 m 2 with albuminuria and other structural abnormalities) were not included. Therefore, these results may not be applicable to patients with Stages 1-2 CKD.
Furthermore, over 50% of our eligible patients either had serum triglyceride measured using a different assay or did not have serum triglyceride levels measured at all rendering the possibility of an attrition bias. We might have used non-fasting serum triglycerides for some patients in this analysis. However, previous studies have confirmed the utility of non-fasting triglycerides in assessing cardiovascular risk and thus they are unlikely to have influenced our results [8, 24] . Even though we were able to adjust for several confounding variables including serum albumin levels, we lacked data relating to albuminuria and serum phosphorus, which are known risk factors for mortality in this population. In addition, we lacked details about control of diabetes, physical activity levels and medication compliance that may influence serum triglyceride levels. We also did not have cause-specific mortality data and hospitalization data for our patients.
In conclusion, serum triglyceride levels ≥200 mg/dL are associated with all-cause mortality among Stage 3 and Stage 4 CKD patients. This effect was prominent among CKD patients <65 years and not evident among patients aged over 65. Future studies should confirm these findings and examine cause-specific mortality in this high-risk population. Importantly, future clinical studies may explore whether lowering serum triglyceride levels will reduce cardiovascular disease burden and mortality among CKD patients aged <65 years.
